Three novel cyclospirobifuranocoumarins, cyclorivulobirins A-C (1-3), were isolated from the underground part of Pleurospermum rivulorum. They are characterized as three stereoisomers having a different configuration at the C-2 and C-2 position resulting from the condensation of two heraclenol units, respectively, on the basis of chemical and spectral methods.
In the course of our studies on the chemical constituents and biological activities of Umbelliferae species, we reported the isolation of new bifuranocoumarins, rivulobirins A, B, and E, spirobicoumarins, rivulobirins C and D, spirotricoumarins, rivulotririns A and B, and trifuranocoumarin, rivulotririn C, and their biological activities. [1] [2] [3] [4] [5] Continued investigation on the coumarin fraction by repeated chromatography resulted in the isolation of three novel cyclospirobifuranocoumarins, cyclorivulobirins A-C (1-3). This communication deals with the structure elucidation of 1-3.
Cyclorivulobirin (Table 2 ) spectrum, the presence of two ortho ester signals and the absence of two lactone carbonyl signals arising from the coumarin ring were observed, indicating that two lactone moieties were replaced by the spiro form with a ring structure. The entire structure of 1 was determined by extensive 2D-NMR experiments (  1 H-1 H COSY, HMQC, and HMBC [ Fig. 1]) . The absolute stereostructure of 1 was confirmed in the following way. Upon treatment with d-HCl, 1 gave heraclenol, isogosferol, pabularinone, and 8-(3-chloro-2-hydroxy-3-methylbutyloxy)-psoralen ( Fig. 2 ), which were identified by direct comparison with authentic samples. All configurations at C-12 and C-12Ј of 1, and C-12 of heraclenol as the degradation product of 1 were confirmed to be R by the modified Mosher method. 6) Furthermore, the NOESY experiment (Fig. 3) on 1 showed that both H-3 and H-12Ј had correlation with H-14Ј, H-11Ј with H-15Ј and H-12, H-12 with H-15, and H-14 with H-11 and H-3Ј. From the above results, the absolute configuration of 1 was deter- of 2 and 3 with those of 1 indicated that both 2 and 3 differed from 1 in the configuration at the C-12 and C-12Ј positions, respectively. The stereostructures of 2 and 3 were determined by the facts that the H-H correlations as shown in Figs. 4 and 5 were observed in the NOESY spectra of 2 and 3, the same degradation products were obtained by acid treatment of 1-3, and the signals due to two coumarin units were observed to be completely overlapping each other, respectively, in the NMR spectra of 2 and 3.
Cyclorivulobirins A-C are the first examples of cyclic spirobifuranocoumarins. 
